We use epistemological framing to interpret participants' behavior during group problem-solving sessions in an intermediate mechanics course. We are interested in how students frame discussion and in how the groups shift discussion framings. Our analysis includes two framing axes, expansive vs narrow and serious vs silly, which together incorporate and extend prior work on how students frame discussions in physics education research. We present markers for where discussion falls on these axes. We support our conclusions with both microanalytic excerpts of discussion and overall analysis of 75 hours of videobased data. We find that the group spends most of its time in more serious framings, and slightly more than half of its time in more narrow ones. The teaching assistant is the participant who initiates the largest number of frame shifts, and her shifts include bids to all quadrants in the expansive or narrow and serious or silly plane.
I. INTRODUCTION
Previous research on students' epistemic framing in learning contexts has shown that students' framing can influence their choice of learning strategies, their enjoyment of learning activities, and ultimately what is learned [1] [2] [3] . Researchers in physics education have demonstrated the benefits of explicitly identifying and attending to students' epistemologies [1, [4] [5] [6] . Researchers have in the past used analysis of students' discourse, body language, and meta-verbal signals (students' tone of voice, volume of speech, and rhythm of turn taking in conversation) in order to make arguments about students' epistemic framing during collaborative problem solving [7] . These studies are very important because they shed more light on the nature of framing and on the kinds of signals that interacting groups use to communicate with each other to coordinate group activity. Framing is an active bringing together of several resources in an effort to understand and work within a situation [8] . In contrast to framing, epistemological framing is a perception (unconscious or conscious) of what tools and skills are needed in a particular context or situation. Epistemological frames can be envisioned as a storage area for conceptual and procedural resources, promoting some resources' activation and blocking others.
In 2009, Scherr and Hammer published an analysis of students' body language, gaze behavior, and verbal prosody and identified four main clusters of behaviors which were correlated with students' epistemic framing [9] . These clusters corresponded to frames of joking, completing the tutorial worksheet, discussion, and listening to the TA. In their analysis, Scherr and Hammer argue that sensemaking behavior occurs in the discussion frame but they do not distinguish any finer structure of the nature of the epistemic activities that students undertake during discussion. Their paper is an excellent entrée into how groups of students frame discussion in physics, but the theoretical framework has some limitations which we believe can be better captured by a more careful treatment of students' discussion framing, as we will show in this paper.
We are particularly interested in students' changes of framing during discussion: both the factors that trigger a frame shift and the manner of the change. To investigate these dynamics of frame shifts and triggers, we chose to examine students working in a context where there is sufficient evidence to infer students' framing and where there are likely to be many frame shifts. In particular, we examine the context of students engaged in discussion with each other in the presence of a TA during a weekly homework help session (HHS). In this context, students frequently interact with the TA, who responds to questions and tries to guide students to the correct answer on their homework without simply giving out the answers.
The fact that students are primarily engaged in discussion means there will be ample gestural and meta-verbal signals to enable assessment of their framing. The fact that they are engaged in discussion with a TA means that there will be ample interactions, both among the students and between the students and TA, that may trigger a frame shift.
After examining our data from the perspective of Scherr and Hammer's categorical coding scheme, we found that we needed some additional theory to describe students' frames before we could talk fruitfully about changes of frames. First, we found that the notion of discrete categories of framings did not fit our data well, and students' conversations instead exhibited a variety of behaviors within one ''category,'' suggesting a more nuanced perspective on the associated framings was needed.
Second, we also noticed students engaging in conceptual discussions even while they were discussing with their TA and while they were joking with each other. Scherr and Hammer's treatment of joking and of TA interactions categorizes them separately from discussions of physics concepts, even in moments where physics concepts are brought into the discussion.
Third, while Scherr and Hammer do identify a discussion frame, they assume that the discussion frame signifies students are engaged in discussion of physics concepts. However, in our data we saw a wide variety in the nature of students' discussions, and noticed some striking differences in the way students were framing the scope of applicability of the topic under discussion. This variation in the narrowness or expansiveness of the discussion echoed earlier work on expansive framing [2] and real-world connections [10] , and suggested a need for a look at students' discussion that could distinguish the finer details of the goal and scope of their discussions.
In summary, our data set shows several phenomena that are not well explained by the current theory of students' framing during collaborative discussion:
(1) A wide variation in students' behaviors with subtle, but important differences suggesting that thinking of frames as continua rather than discrete categories is appropriate. (2) Students engaged in discussion while joking and while interacting with their TA. (3) Variations in the scope and quality of students' discussion.
In this paper, our goals are the following.
To further develop theory of how students frame during discussions to account for the three limitations above.
To illustrate how these developments are supported by our data. To account for how students' discussion framing changes.
In the next sections, we briefly introduce our data set before engaging with the goals of the paper; we conclude with a discussion of why this theory is important from both research and practice perspectives.
II. DATA SOURCES
The students in this study are enrolled in an intermediate mechanics course and are typically sophomores or juniors. Typically, about 15 students enroll in the course, which is offered annually in the spring semester. Additional details of the course are available in Ref. [8] . An informal weekly HHS is the source of our collaborative problem-solving data. During HHS, students worked in a group to solve homework problems. A graduate student teaching assistant (TA) facilitated the discussion and helped the students toward a solution but did not present problems and their solutions. These sessions were not compulsory in any way, and during the period of data collection, one of the authors (E. C. S.) served as one of the TAs. In a typical HHS, 2-4 students sit around a table with a large table-based whiteboard. Unlike a typical recitation, the TA does not present problems on a chalkboard, and unlike typical tutorials, there is usually only one group of students so the TA stays with them constantly. An unattended video camera records the group from a high angle, capturing gestures as well as their writing on the whiteboard. Additional details about the HHS are available in Ref. [11] .
HHS observations were conducted approximately weekly for two iterations of the course, resulting in about 75 hours of video which was composed of 11 different groups. The 11 different groups were often composed of some of the same students but as this was a voluntary session the actual makeup of the groups differed each day of recording. The examples in this paper were chosen after reviewing all of the footage. These clips were chosen as motivating examples and are drawn from several different groups. In all of our analysis, we strongly prefer to use original video because gestural and paraverbal information are important; however, in this paper we present transcribed excerpts with additional notes on tone as appropriate.
III. THEORETICAL FRAMEWORK
According to the resources framework [12] , students' framing of their activity can have important consequences for how they approach learning situations and the strategies and knowledge they bring to bear [5] . The use of different knowledge in different frames is described in terms of activation of resources.
Resources are myriad small ideas for thinking about physics which can be combined productively to solve problems and make sense of phenomena [13] . Resources are reusable [8] and are connected to each other in networks of mutual activation and/or inhibition [14] . Research using the resources framework focuses on the connections between different ideas in physics [8, 11, [13] [14] [15] and their connections to students' epistemologies [5, 16, 17] . It has also been applied to other research areas such as epistemic games and frames [18] , students' sense of physical mechanism [19] , student reasoning in novel situations [20] , and curriculum development [21] [22] [23] .
Epistemic frames can be described as a structure of expectations for a person's current activity [9] . A particular frame corresponds to a person's implicit sense of the nature of the activity they are engaging in, and carries with it a network of activations and inhibitions of resources, promoting some resources' activation and blocking others. For instance, in the context of collaborative physics problem solving, a student may activate their resources having to do with classroom physics, but never access their resources related to chemistry or biology. More specifically, in the context of a motion problem in mechanics, a student may activate their resources having to do with equations of motion, energy, Newton's laws, acceleration, and so forth, but never access their resources related to the laws of thermodynamics or Ohm's law. An individual's epistemological framing is highly context dependent, and responsive to both the environment and interactions with other people or artifacts.
A key issue in research on students' framing is the relationship between framing and students' actions such as speech, meta-verbal information, body language, and gesture [24, 25] . As described above, framing has to do with the internal state of a student and their currently active set of expectations and associated resources as engaged in an interaction. However, we cannot observe these directly and must instead rely on observations of students' actions. We observe students' actions (and co-occurring clusters of actions) in order to infer what their frame might be, but the actions themselves are not the frame.
Previous researchers have analyzed students' framings in terms of a discrete number of categories [9] . This approach implies that there are discrete categories of framings with sharp boundaries between them. While this may be appropriate for Scherr and Hammer's study which focused on students' behavior, in our study we examine the details of students' speech to interpret their intent [24] . Martinuk, who also conducted analysis on the content of students' speech, used a category-based analysis but describes how the changes between frames occurred over a period of time [26] . This suggests that there is room to augment a category-based analysis of students' framing during discussion.
Instead, we propose a model of epistemic framing in which two axes describe students' framing during discussion. This theory does not attempt to classify all of students' activity during collaborative problem solving, but rather focuses on their framing during discussion with each other. The use of an axis rather than a category is not intended to indicate that we are establishing a formal metric or scale. Rather, we have noticed certain moments in students' conversations may exhibit characteristics that are more or less strongly associated with the extrema of a particular axis, and we want the construct to be able to reflect these differences among students' framings.
A. Expansive and narrow
Our first axis is narrow framing vs expansive framing. This reflects our desire to highlight when students are focusing exclusively on answering the question at hand vs focusing on discussing more generalizable ideas or exploring the limits of generalizability of an idea. Expansive framing has been discussed by Lam from the perspective of a teacher presenting material as ''discuss [ing] an issue that students are likely to be actively engaging with throughout their lives'' [27] , which Lam places in contrast to ''fram[ing] a lesson as a one-time event of learning something that students are unlikely to ever use again. '' In observation of students' discussions of physics, we see a similar variation in the implied scope of their discussion. In one instance students may discuss the current physics in conceptual terms that imply its generalizability to other contexts or applications, and in another instance students may discuss the current physics strictly in terms of its relevance to obtaining the answer to the current problem.
To illustrate the differences between expansive and narrow framing, consider the following two examples drawn from HHS.
Example: Expansive
In this example, a student group is discussing centripetal acceleration in order to understand its meaning.
TA: Centripetal acceleration is it an acceleration or a force?
Chrissy: Force, I think it's a force (looks at Jack), I think. Jack: Hmm, it's kind of like when you go along, you drive along one of those ramps on the highway and you take a sharp turn and you feel the (shakes body) the pull (shake body one side) like if you turned to the left (motions with one arm to the left).
TA: Uh ha. Jack: You feel a pull toward (shifts his body to the right) I can't remember if it is away from the direction.
Chrissy: Yeah that is my problem too, is it outward or inward.
Jack: If you're going. Chrissy: I was so sure it was going inward but I was getting confused.
Jack: (in more definitive tone) If you take a sharp turn you slide the other way (moves whole body to the left).
In the above example, the students demonstrate several behaviors that are associated with expansive framing. For example, we can observe the following.
Real-world connections.-When students cite examples of personal experiences, relevant news items, or real-world applications of the current ideas, it demonstrates that they are thinking of the current problem as being connected to things outside the classroom. This shows the expansive scope of ideas that they consider to be relevant to the current situation. In this case, we can clearly see Jack making use of his experiences with driving in a car in order to make sense of the physics of centripetal acceleration.
Gesturing.-Students may use gestures to coordinate multiple representations and connections between their physics classes and the real world. For example, Jack uses gesturing with his hand and his whole body to aid in his visualization of the situation and his communication with Chrissy. He reenacts his prior experiences of what occurred to him when he was in a car turning a corner. Students engaging in a more expansive discussion are more likely to use this type of gesturing to illustrate and communicate their ideas. In general, gesturing may not indicate expansive framing; however, we argue that gesture used to support real-world connections or coordinate multiple representations does indicate expansive framing.
Additionally, in other examples of expansive framing, we notice the following from students.
Use of a variety of representations.-One way in which students display a more expansive approach is by coordinating different representations, such as narrative descriptions of a problem, conceptual representations in terms of physics concepts, mathematical representations (e.g., algebra), and graphical representations. Coordination of formal with informal representations (e.g., algebra and narrative description; algebra and kinesthetics) is considered to be more expansive than coordination of different kinds of formal representations (e.g., algebra and graphs; Cartesian and polar coordinates).
Engage in conceptual discussion.-By its very nature, conceptual information is relevant to more than just the current problem. When students bring up concepts, or when they explicitly talk about the connections between different problems or classes of problems, they demonstrate an expansive framing.
These behaviors are in accordance with previous literature on expansive framing as a mechanism to promote transfer [2] by framing chronologically or representationally [10, [27] [28] [29] [30] [31] [32] [33] diverse experiences as if they are connected.
We expect that in other data sets, other behaviors might indicate even more expansive framings; however, these behaviors are drawn from our data set only.
The next example illustrates behaviors associated with the narrow end of this axis.
Example: Narrow
In this example the group is working on a roller coaster problem and are being asked to find all of the forces that are being applied on the cart as it traverses a loop. At the beginning of the transcript they are discussing geometry in order to determine the height of the cart at a certain point on the track.
TA: Yes jump straight to the math part please. Hugh: Right it is mg times this one (pointing at diagram) I don't know why it is confusing me so much.
Colin Hugh: Yeah its that (pointing at an equation on the board).
TA: Okay let's write that down. In this example students exhibit several behaviors associated with a narrow framing. For example, we observe the following.
Explicit focus on the current problem.-In this example, these students exhibit a focus on ''the drawing'' and on ''the equation,'' artifacts that are clearly specific to the problem at hand. In other situations, students may demonstrate their focus on the current problem when they reject new ideas or information because they are perceived as irrelevant to answering the problem.
Focus on ''what'' rather than ''why.''-When students focus on what to do, they are implicitly working to solve the current problem. Thus, the scope of their framing is reduced to only what will work for the current problem.
Lack of connections to other problems or situations-As above, this indicates that their focus is only on the current problem.
Extended focus on answering of TAs' questions.-This behavior occurs when students are engaged in the narrow framing of ''answering the TA's questions.'' In this behavioral pattern, the TA will ask students questions, but their responses will be quite terse and minimal. After answering, the students will remain silent as though waiting for a TA comment or another question. This pattern may occur both with conceptual questions and with mathematical discussions.
These narrow behaviors are natural opposites to the expansive ones, and reflect students framing their current activities as being very restricted in scope, often focusing only on interpretations of mathematics or physical concepts only in the sense that they are related to obtaining a solution to the current problem.
It is possible, of course, to imagine an expansively framed mathematics discussion in which students use the broad applicability of mathematics to generalize about a broad class of problems, or in which students use varying mathematical and physical arguments to make sense of a situation. In this interaction, the students are not using the general applicability of mathematics to frame a problem expansively; instead, they are focusing on the mechanical details of a specific problem (which sides are adjacent and opposite to the angle of interest) in order to solve a tightly defined question (should we use sine or cosine?) so that they can get an equation and write it down. We do not wish to suggest that all uses of mathematics are narrow simply because this example of narrow framing uses mathematics.
B. Categories vs continua
It is tempting to collapse framings into two categories: narrow framing vs expansive framing. However, this categorical distinction is not supported by our data, whose richness is not supported by this collapse. Instead, we propose that narrow and expansive form two directions on an axis. One interaction in any pair of interactions may be more or less expansive than the other; a collection of interactions may have varying amounts of ''expansiveness'' as students exhibit expansive behaviors (narrow behaviors) to greater or lesser degrees. In Sec. IV B we introduce the frames plot, which allows for framing to fall along these axes with excellent interrater reliability and can be used to collapse the axes into categories at the expense of losing the pairwise comparisons afforded by the continua.
C. Serious and silly
We use a second axis, called the silly or serious axis, to describe moments when students are joking with each other. As described above, the Scherr and Hammer coding scheme collapses instances of on-topic joking along with off-topic discussion and joking. However, in our data we have noticed episodes where students seem to be joking while still being relatively on topic and this on-topic joking can result in a transition to the serious side of the axis. While students' joking may seem to be off topic and unproductive, adopting a ''play'' framing [25] may allow students to introduce tentative ideas in a way that they can disavow if their peers judge them harshly. We believe this to be one of the main strengths of this framework. That using the two axis framework captures the richness of the data and does not ignore the variation that can occur within a group's use of humor or differentiate between types of discussion.
The silly side of this axis is illustrated by the following example.
Example: Silly
The students in this example have just finished solving a problem that involved identifying invisible forces affecting an astronaut on a space station who throws a ball and observes its acceleration. Julie begins the example by inquiring what would happen if no ball were dropped.
Although the conversation starts with ''real-world'' application of a homework problem, it evolves into a discussion of space sickness and then to whether students would like to be astronauts.
Julie TA: Yeah. Emma: I wouldn't want to do that. Julie: I would (all group members laugh). Julie: Actually, I wouldn't mind being an astronaut if I could.
In this example, the students exhibit the following behaviors that are indicative of silly framing.
Introduce ideas with laughing after an idea.-In the beginning of this example, Julie asks a question that is clearly outside the scope of the homework question and then laughs afterward. This laughter may indicate her nervousness at transgressing the stated goal of the HHS. Regardless, the resulting discussion includes some valuable discussion of the physics of an orbit.
Whole group laughter.-After the students begin discussing whether they would like to be an astronaut there is a moment when the whole group laughs. This clearly communicates that the students are interacting with each other and sharing the same frame, and their laughter expresses that they are more on the silly side of the axis. The laughter at Emma's wiggling movement is friendly, not cruel; the students are not mocking her. Instead, they are sharing her joke.
Although the transcript makes it clear that there is some laughter during this clip, it is not obvious from the transcript whether the students are treating their discussion TRANSITIONS IN STUDENTS' EPISTEMIC . . .
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010111-5 seriously or humorously. Rather, meta-verbal information which we have indicated as the students' tone of voice, volume of speech, and rhythm of turn taking in conversation is important for indicating a silly framing. In the above example, there is a change in the rhythm of the conversation that occurs after the laughter, as well as a shift in the students' gaze behavior from the TA and onto each other. These signals reinforce the assessment that the students have reframed their activity.
In other examples of student interactions in silly framing, we also see students tend to the following.
Comment in a low voice.-as though to communicate only to a single member of the group. This behavior usually indicates a joking comment to a peer.
Use a sarcastic tone of voice.-For assessing this signal of a silly framing, it is especially important to examine the video or audio record, as the transcript alone will not indicate when students are being sarcastic.
Moments of silliness are usually the exception in a collaborative problem-solving session. In that sense, serious framing is more the norm. In fact, the first examples III A 1 and III A 2 in this paper are both serious framing (a feature you probably did not explicitly notice until we pointed it out here).
As students' conversation becomes more serious, they tend to Engage in straightforward discussion. Pay attention to the TA.
Pay attention to what the other students are saying and add another on-topic idea to build towards solving the problem. Students can pay attention to what other students are saying and contribute to what is being said on either side of the silly or serious axis. The distinction between these two framings is the content and intent behind the next idea contributed. While framing a discussion as silly the humorous aspects of an idea will be built upon. Conversely while framing a discussion as serious, an idea that builds towards solving the problem will be introduced. Because we observed moments when students were joking while being on topic as well as moments when students are joking off topic, we believe the axislike nature of this construct is justified. We also observe both joking and seriousness in all aspects of the narrow or expansive axis. Therefore, we believe the two axes are at least somewhat independent.
In the following sections, we apply this theory to examine a large data set and discuss several phenomena that pertain to frame transitions.
IV. ACCOUNTING FOR FRAME SHIFTING
Our third goal in this paper is to account for students' frame shifts in discussions. How does a group maintain a frame? What prompts members to change discussion frames? How long do frames last? In what ways is the TA a special agent for frame change? During HHS, students generally remained in a given frame for as little as 10 seconds to beyond 5 minutes. Shorter duration frames were often silly episodes sandwiched between longer serious frames. A frame could shift within one statement from an individual but this statement would have to be acknowledged by the rest of the group in order for a frame transition to occur. Transitions between HHS sessions often began in the silly and narrow quadrant as students joined the group and settled in before reading the first problem. During this time, students engaged in gossip or conversation about activities in the last week. When the group starts a problem, the discussion becomes more serious. The group spends the majority of the time in serious discussion ranging all over the narrow or expansive axis, occasionally becoming more silly for brief jokes or funny comments until the problem is solved. After each problem, the group enters a nondiscussion period to write down solutions, which may then develop into a silly and narrow off-topic discussion until work on a new problem starts.
A. Frame changes
In the following example, the group moves from a somewhat expansive and silly framing to one which is more narrow and serious.
Example: Changing frames
Just prior to this example, the group reads a problem about the forces in rotational motion. They have difficulties visualizing the problem, and they realize that seeing a rotating body will help.
TA: We are looking for things to spin to see it better. (A secondary TA is looking for an item to spin. There are a few jokes about the first effort they put forth, which is far too big. Then the TA attaches some string to a roll of tape.)
Chrissy: Ah its nice. TA: Okay get this thing going. . .make it spin. Group: (laughs) Chrissy: (picks up the tape on string and swings it) Swing in a vertical radius. . .okay you try (to Jack).
Jack: Like that (swings it) okay I'm going to put this down before I kill somebody.
TA: Yeah. Janet: (picks it up and swings better than previous two) Chrissy: Oh you're good. TA: Do you practice? Group: (laughs) Jack: Well I majored in. TA: (pause) OK so what's going on in the problem? Chrissy: So we have, I'm going to draw a diagram, we don't have air resistance (drawing on her notepad) so we have mg. . .(continues explanation of her diagram).
To focus on the framing changes in this interaction, we need to slightly abstract the groups' actions. The episode starts when the group decides to coordinate different representations of the motion (physical object moving in a circle and kinesthetic sense of forces with verbal problem statement), an indication of expansiveness. Initially, they frame this coordination seriously.
Their search for an appropriate object to twirl turns to joking. The TA, Chrissy, Jack, and Janet take turns swinging it and commenting on their abilities. This activitymanipulating actual objects-is not common in HHS, and the group becomes quite silly. The silliness is exemplified in the Chrissy and the TA's commentary on Janet's swinging. The paraverbal information is important here: the group (and we) interpret their statements as friendly banter rather than serious inquiries about Janet's past twirling experience.
After all students swing the tape, the TA bids to return to the task at hand: the worksheet problem they are solving. Her tone is serious, and her attention turns from the swinging tape to the table in front of them. The rest of the group also attends to the problem in front of them, narrowing their focus and becoming more serious.
B. Frame prevalence
To chart the relative seriousness or silliness and expansivity or narrowness of students' framings in longer interactions, we developed the ''frames plot'' (Fig. 1) .
The choice of what clusters of behaviors fall near each axis on the plot is normed to our sense of what usually happens when students discuss physics. Different normings are possible-we expect that what constitutes ''serious'' in a war room differs significantly from what constitutes serious in a comedy club-and the important feature is comparing changes of framing with time, not the value of each framing. That said, to give a holistic sense of the data, it is useful to collapse the continuous axes into four discrete categories (the quadrants on the frames plot), noting that categorical labels do not capture the variation in the interactions well. A transition is not only the movement from one quadrant to another. Obviously, transitions between quadrants are much more obvious. As was stated above the plot is normed to our sense of what usually happens when students discuss physics and so transitions within quadrants were often recognized. For example, when students' conceptual discussion began to incorporate more representations and made a direct application to the real world but were engaged in a conceptual discussion prior to this, this would be considered a within serious and expansive quadrant transition. Figure 2 represents the fraction of the total HHS time that students spent in each quadrant and the nondiscussing frame.
To test the frames plot and the validity of the coding scheme, five researchers independently coded the same video clip after brief discussion of the nature of the plot. After coding, the researchers met again to compare their plots and discuss normalization. While some differences in degree of silliness or seriousness and expansiveness or narrowness existed between researchers, there were very few differences in quadrants or in number of frame changes before the renormalization discussion. After renormalization, all researchers agreed on the appropriate plot. A single researcher coded all remaining video. On several occasions during the final analysis process, additional researchers would ''check in'' on the data analysis by reviewing completed frames plots together with attendant video, and checking for agreement with the original researcher's analysis. This process produced excellent agreement between the researchers for the results presented below. The same process was used to analyze the tactics that caused a shift in frame and who initiated the transition data.
In total 56 hours of HHS learning environment data was analyzed using the frames plot with 1% equating to 33 minutes. Interactions tend to be more expansive 32% of the time, and more narrow 53% of the time. An additional 15% of the video does not fall onto this chart because the axes are meant only for discussion, and students do not discuss anything during that time (Fig. 2) . For the most part, during nondiscussion time, the students are writing on their worksheets instead of talking.
In our data set, we notice that, overall, students do not engage in the behaviors that indicate silliness very often, nor do sillier framings last for very long. The majority of the time that is spent on the silly side of the axis occurred at the beginning of the HHS session or at the end of the solution of the problem before the recording of the answer begins. Occasional jokes, inferences, or miscommunications during the session resulted in the students transitioning onto the silly side. If they occurred in the middle of the session, these sojourns into silliness were often very quick and the group or the TA would quickly reframe and return to more serious discussion.
V. THE TA AS A SPECIAL PARTICIPANT
In our data set and in contrast to previous research on TAs in groups (see, e.g., Refs. [9, 34] ), the TA's constant presence does not mean that the TA interrupts the normal work of the group: she is a member of the group already, and we conceptualize her contributions as if she were a participant. However, the TA is a special participant. The group acknowledges that she knows more physics than the other members and that her contributions are meant to guide them in the ''right'' direction. However, the group does not expect that the TA will tell them the answers nor perform solutions (though she is expected to help them when they are stuck), nor do they expect her to grade their work or see the problem statements before the HHS. The TA has a dual purpose in the HHS learning environment: to aid students in the construction of a solution to specific homework problems, and to foster the development of their understanding. These two purposes prompt the TA to alternately narrow and expand, respectively, the group's framing. Changes to the group's framing are frequently initiated by the TA; occasionally the TA will bid to change the framing and the group does not change.
We identified the type of behavior the TA engaged in before the group transitioned from one quadrant to another in order to clarify the relationship between TA interventions. For example, in example the TA initiates the move to be more serious and narrow at the end. In example the TA picks up on Julie's expansive cue and introduces the astronaut's inner ear, prompting the group into a more silly framing. The majority of time the TA transitions the group from one quadrant of the axis to another (Fig. 3) . These data were collected during the frames plot analysis and are based on the same 56 hours of video recordings. In regard to Fig. 3 other represents times when a transition in frame occurred without the TA or students verbally instigating it such as an occurrence external to the group or a prolonged silence. Although the silence would end with either a tutor or student saying something, it was the silence itself that would result in the transition. Figure 4 is a breakdown of the types of transitions TAs used to encourage students from quadrant to quadrant obtained from the same 56 hours of video that was analyzed using the frames plot. It must be noted again at this stage that although the TA can attempt to instigate a reframing of the interaction it is up to the students to interpret and concur with this attempt at reinterpretation. From the results it is clear that the majority of the time it was simply the TA asking a question. Both ''is that valid?'' and ''where are we at?'' have been excluded from this category as they figured so prominently as transitions in the learning environment. ''Where are we at?'' was a question the TA would ask regularly in order either to focus the students on the goal of the problem or to start the HHS session, i.e., which problem do you want to work on (see the last line in example: changing frames). This could result in a transition to either serious and narrow or serious and expansive. ''Is that valid?'' often came up at the end of the solution to a problem or if an idea that warranted more discussion was presented. It would typically result in a transition to serious and expansive but not exclusively. In regard to other questions, a very high proportion of the serious and expansive interactions were instigated simply by the TA questioning the students as to why they had done something. A combination of a TA consistently questioning a student's explanation while not giving the students their own explanation seems to encourage the students to frame the instance as serious and expansive. TAs used a variety of questions to achieve this, such as Why? How do we know that is true? Are you sure? Does everyone understand? or as evidenced in the expansive example ''Is it an acceleration or a force?'' This method, called ''reflective toss'' [35] , ''throws'' the responsibility for elaboration back to the student. It is an attempt to help students clarify meaning, consider a variety of views, and monitor their own thinking. The other typical transitions are ''jokes'' which can be implemented by both the TA and the students (see example silly) and ''recommendations'' which is when the TA asks the group to try something (see example narrow-the first line).
VI. DISCUSSION

A. Limitations in applicability
A significant difference between the circumstances of this study and others' circumstances is that the TA is always present with the groups. We chose this environment because we were especially interested in framing changes, and we suspected that the TA's presence might prompt many changes. Our suspicions were correct.
The results of this study also indicate that the TA has a significant influence on how students epistemologically frame their learning environment and that TAs are often the instigators of transitions from one frame to another [1] . We note that the TA can be a major influence on the framing of an activity by students in this learning environment, but they are not the only frame tipper nor are all their bids to tip the frame accepted. The students have to both interpret and be willing to follow the cues and tipping that the TA is encouraging. This was not always the case in this learning environment with the difference being that the goal of the students partaking in the HHS learning environment was probably a determining factor.
Given that the TA influences the epistemic frames of the group, one might question why the TA would encourage a silly frame to be adopted in the learning environment. One possibility is that TAs who allow transitions into silliness allow students to be more comfortable expressing risky ideas. [It is also possible that the TAs encourage silliness (and the students participate in it) because it makes the HHS more fun for them. These two goals are not mutually exclusive.] There is a need for further research to examine the role that play takes in a collaborative learning environment [36] . We postulate that joking is necessary in a collaborative learning environment in order for all the other frames to successfully occur.
Furthermore, the dual intent of the HHS-broadening students' understanding of physics while doing specific homework problems in a group-requires both narrow and expansive framings. However, we have already normalized what counts as ''narrow'' and what counts as ''expansive'' to the kinds of framings we see in this situation. We expect that other situations may encourage different expansive framings which focus on bringing together chronologically distant ideas [2, 27] instead of different representations.
B. Implications for practice
This paper has several possible implications for informing practice in small group learning environments. The examination of factors that trigger frame shifts and which factors result in which type of transition especially with the focus on TA prompted transitions gives an insight into how expansive framing can be encouraged in group learning environments. Expansive framing is a mechanism for promoting transfer [2, 37] and relating diverse experiences together in a learning environment and should therefore be encouraged by instructors [27] . We also highlight that on-topic discussion does occur while groups are framing an activity as expansive silliness and that the TA has a role to play in encouraging framing an activity as silly. Instructors should not automatically view a laughing group as one that is off topic: students may be having fun in a relevant way.
C. Usefulness to researchers
The two axes framework for analyzing group discussion suggests many future research questions. It enables a finer examination of the nature of the epistemic activities and the intricacies of the discussion of students engaged in group learning environments. The fact that only 15% of the data analyzed did not fit into the framework indicates how appropriate this type of analysis is for group learning environment data. Also incorporating the joking frame and the TA interactions into the two axis analysis of the discussion captures the richness of the data that would have been lost with earlier analyses [9] . Further study of humor in learning groups is warranted, as are comparative analyses of different learning environments. Though our data are taken from a specific learning environment, we envisage our framework as transferable to other group learning environments which focus on discussion as a main part of the learning activity.
